Objective: To study the relation between intake of the antioxidant¯avonoid quercetin and subsequent incidence of cerebrovascular disease (CVA). Design: A cohort study carried out among 9208 Finnish men and women 15 y or more of age and initially free from cardiovascular disease. During a 28 y follow-up period in 1967 ± 1994, a total of 824 cases with CVA were diagnosed. Methods: Food consumption data were collected using a dietary history interview method covering the total habitual diet during the previous year. Results: Quercetin intake was not associated with CVA incidence. The relative risk of CVA adjusted for age, serum cholesterol, body mass index, smoking, hypertension, diabetes, geographical area, occupation and intake of beta-carotene, vitamin E, vitamin C, ®bre, various fatty acids, and energy between the highest and lowest quartiles of quercetin intake was 0.99 (95% con®dence interval (CI) 0.71 ± 1.38) for men and 0.85 (CI 0.60 ± 1.21) for women. In contrast, apples, the major source of quercetin in the study population, showed a signi®cant inverse association both in men and women, mainly due to an association with thrombotic or embolic stroke. The relative risks of thrombotic stroke after further adjustment for quercetin intake were 0.59 (CI 0.35 ± 0.99; P 0.45) and 0.61 (CI 0.33 ± 1.12: P for trend 0.02) for men and women, respectively. Conclusions: The results suggest that the intake of apples is related to a decreased risk of thrombotic stroke. This association apparently is not due to the presence of the antioxidant¯avonoid quercetin.
Introduction
Antioxidants prevent the oxidation of low-density lipoproteins and may therefore reduce the occurrence of ischaemic heart disease and cerebrovascular disease (CVA) (Steinberg et al, 1989; Gey et al, 1993) . Since¯avonoids are effective antioxidants, it is plausible that they provide protection against CVA (Shutenko et al, 1999) . One prospective study based on a small male cohort reported an inverse association between¯avonoid intake and stroke (Keli et al, 1996) , however the evidence from human studies is still scarce. In a previous cohort study we found an increased inci-dence of coronary heart disease related to a low intake of avonoids (Knekt et al, 1996) . The present study addressed the question of whether a similar association is present between intake of quercetin and CVA incidence in the same population. 1966 ± 1972 , the Finnish Mobile Clinic Health Examination Survey performed health examinations including a dietary history interview in several regions of Finland (Aromaa, 1981) . A total of 10,054 men and women aged 15 y or more participated. After exclusion of individuals suffering from CVA or other cardiovascular disease, prior to the baseline study, the study population comprised 9208 men and women.
Materials and methods

During
All participants completed a premailed questionnaire that was checked at the baseline examination. The questionnaire yielded information on residence, occupation, smoking habits, previous and current illnesses, and use of medicines. Body height and weight were measured, and the body mass index was calculated. Casual blood pressure was registered in the sitting position after a 5 min rest, using the auscultatory method. Serum cholesterol concentration was determined with an autoanalyser modi®cation of the Liebermann ± Burchard reaction. Known cases of diabetes were identi®ed by history given by the participants, and undiagnosed cases were identi®ed with the oral glucose test, using the current diagnostic criteria of the World Health Organization (WHO Study Group, 1985) . The subjects were divided into four classes on the basis of systolic and diastolic blood pressure levels and the use of antihypertensive drugs (Aromaa, 1981) .
Food consumption was estimated at the baseline examination using the dietary history method, covering the total habitual diet of the subjects during the previous year (Ja Èrvinen et al, 1993) . The intake of ®ve major¯avonoids (quercetin, kampferol, myricetin, luteolin and apigenin) *Correspondence: P Knekt, National Public Health Institute, Mannerheimintie 166, 00300 Helsinki, Finland. E-mail: paul.knekt@ktl.® Guarantor: P Knekt. Contributors: P Knekt supervised the project and prepared the drafts; S Isotupa initiated the study and contributed to the interpretation of the data; H Rissanen was responsible for data processing and did the statistical analyses; M Helio Èvaara evaluated the follow-up of the non-fatal stroke patients; A Reunanen evaluated the follow-up of causes of death including the fatal stroke cases; S Ha Èkkinen estimated the¯avonoid content in berries; R Ja Èrvinen estimated the¯avonoid content of other sources; A Aromaa planned and conducted the collection of the baseline data. All investigators contributed to the paper.was estimated using food composition values based on analyses completed in the Netherlands (Hertog et al, 1993; Hertog, 1994) . The values reported for 28 vegetables and nine fruits covered those vegetables and fruits found in the present population for which the average consumption exceeds 1 gaday. For berries commonly used in Finland but not reported in the Dutch analyses,¯avonoid content was completed with values determined recently (Ha Èkkinen et al, 1999) . Quercetin was the most important contributor to the estimated amount of¯avonoids. On average about 95% of the¯avonoid intake was accounted for by quercetin, and therefore we used this to represent¯avonoid intake in the present study. The estimation of vitamin, fatty acid and energy intake has been presented elsewhere (Knekt et al, 1990 (Knekt et al, , 1994 .
The 4 ± 8-month repeatability of the daily consumption of quercetin was 0.46 and the repeatability during a period of 4 ± 7 y was 0.35. Apples and onions were the major sources of¯avonoids, together providing 64% of the estimated¯avonoid intake. The short-term and long-term repeatability coef®cients for apple intake were 0.43 and 0.21, respectively. The corresponding values for onions were 0.16 and 0.33, respectively.
Information regarding CVA incidence during the follow-up was obtained by linking data from the Finnish Hospital Discharge Register kept by the National Board of Health to the dietary data (Helio Èvaara et al, 1984) . Information on mortality was based on death certi®cates obtained for all the deceased from the Central Statistical Of®ce of Finland (Reunanen et al, 1983) . The diagnosis leading to hospitalization or death due to CVA was identi®ed using the three-digit codes 430 ± 438 of the International Classi®cation of Diseases, Eighth Revision (ICD-8; World Health Organization, 1967 ± 1969 . The diagnoses were further classi®ed as intracerebral haemorrhages (code 431), thrombotic or embolic occlusions (codes 432 ± 434), or all acute strokes (codes 430 ± 434) including also subarachnoidal haemorrhages (code 430). A total of 824 new cases with CVA (445 males and 379 females) were noted during the 28 y follow-up period in 1967 ± 1994.
The Cox proportional hazards model was used to estimate the association between quercetin intake and its major sources and the incidence of CVA (Cox, 1972) . Adjustment for age, geographical area, occupation, serum cholesterol, body mass index, smoking, hypertension, diabetes, and potential dietary confounding factors (beta-carotene, vitamin E, vitamin C, ®bre, various fatty acids, and energy) was made by including these criteria in the models. The associations between¯avonoid intake and these potential confounding factors were veri®ed (Knekt et al, 1996) . Relative risks were estimated for quartiles of intake, using the lowest quartile as the reference category.
Results
The subjects who developed CVA were statistically signi®cantly older (mean age at baseline: 51 y in men and 54 y in women) than the other individuals (36 y in both men and women) in the study population. The prevalence of hypertension was also higher in CVA patients (11.1% in men and 20.8% in women) than in others (4.8% in men and 10.1% in women). The mean quercetin intake in men developing CVA during the follow-up period was 3.57 mgaday and in other men 3.68 mgaday. The corresponding values for women were 4.09 and 4.07 mgaday, respectively. The differences were not statistically signi®cant, nor were the differences for intakes of apples or onions, the major dietary sources of quercetin in the present population (data not shown).
Individuals in the highest quartile ( b54 gaday for men and b71 gaday for women) of apple intake in comparison to persons in the lowest (0 gaday for men and`5 gaday for women) had a signi®cantly decreased risk of thrombotic stroke (Table 1 ). The relative risks were 0.59 (CI 0.35 ± 0.99; P for trend 0.45) for men and 0.61 (CI 0.33 ± 1.12; P for trend 0.02) for women after adjustment for age, occupation, geographical area, common risk factors for cardiovascular disease (serum cholesterol, body mass index, smoking, hypertension and diabetes) and intake of various antioxidant vitamins, quercetin, ®bre, various fatty acids, and energy. Adjustment for intake of other fruits and vegetables did not notably alter the results (data not shown). Neither onion intake nor quercetin intake was associated with the incidence of thrombotic stroke or any other CVA disease either in men or in women. The associations between apple intake and incidence of throm- Quartiles are quercetin (mg)`2.0, 2.0 ± 3.0, 3.1 ± 4.6, b4.6 in men and`2.3, 2.3 ± 3.4, 3.5 ± 5.2, b5.2 in women; apples (g) 0, 1 ± 18, 19 ± 54, b54 in men and`5, 5 ± 36, 37 ± 71, b71 in women; onion (g)`3, 3, 4 ± 5, b5 in men and`2, 2, 3 ± 4, b4 in women. c Quercetin included in the model as a risk factor.
d
One case was excluded because of bad data in serum cholesterol, body mass index and smoking.
Quercetin and CVA P Knekt et al botic stroke were weakened by exclusion of the disease cases occurring during the ®rst 5 y of follow-up. The relative risks between highest and lowest quartiles of apple intake were 0.67 (CI 0.44 ± 1.03) in men and 0.81 (CI 0.54 ± 1.22) in women. The interaction among known risk factors (age, smoking, hypertension, serum cholesterol, body mass index, and diabetes) for atherosclerosis and quercetin intake were studied, and no risk reduction was noted for higher quercetin intake in any subgroups of these factors (data not shown). However, a signi®cantly elevated risk of thrombotic stroke was associated with high quercetin intake among men and women with diabetes. The relative risk between the highest and lowest quartiles of quercetin intake was 18.5 (CI 2.77 ± 123.5) in diabetic men and 2.79 (CI 1.18 ± 2.36) in diabetic women, respectively. The corresponding values among persons without diabetes were 0.90 (CI 0.56 ± 1.44) and 0.71 (CI 0.43 ± 1.17) for men and women, respectively.
Discussion
Apple consumption was inversely associated with the incidence of thrombotic or embolic stroke among men and women in the present study population. This association was, however, apparently not attributable to quercetin, as the intake was not associated with CVA incidence. In addition to quercetin, however, apples also include catechin and other compounds that may explain the associations (Steinmetz & Potter, 1991) . Our study is thus at variance with an earlier study based on a small male population (Keli et al, 1996) , which suggested the presence of a protective effect of¯avonoids stemming primarily from black tea.
The lack of association in the present population may be due to several methodological issues (Knekt et al, 1996) . First, the intake of quercetin was very low and thus the antioxidant potential available was possibly not suf®cient to provide protection. Second, with the exception of berries, the estimates for quercetin intake in the present study were based on food composition values from analyses in the Netherlands (Hertog, 1994) . As the food compositions were possibly not identical to those in Finland, the estimates for quercetin intake may be biased. Finally, the longterm reliability was relatively low, leading to conservative estimates of the relative risks.
We have no explanation for the unexpected ®nding of a positive association between quercetin intake and incidence of CVA in individuals suffering from diabetes.
In summary, it can be stated that intake of quercetin apparently does not provide protection against thrombotic stroke. The suggestive protective effect of apple intake may thus be due to some other substances in the fruit or simply to lifestyle associated with apple intake.
